CD117. Some studies have revealed that CD117 expression on PCM cells is predictive of a good prognosis. [5] [6] [7] [8] [9] CD81 is a transmembrane cell surface protein. Some studies have revealed that CD81 expression predicts a poor prognosis for PCM patients. [10] [11] [12] In this study, CD117 and CD81 expression was analyzed in 131 patients who received initial treatment for PCM, and the relationship between CD117/CD81 expression and patient prognosis was further evaluated.
| MATERIALS AND METHODS

| Patient characteristics
The case records of 131 patients with PCM were retrospectively reviewed. Samples were collected from patients who received initial treatment in the Affiliated Shengjing Hospital of China Medical University between January 2014 and May 2017. The medical records of the patients were complete at baseline, and included values for serum beta-2-microglobulin, albumin, calcium, hemoglobin, lactate dehydrogenase, serum creatinine concentrations, and the immunoglobulin type of monoclonal protein. PCM was diagnosed according to the diagnostic criteria of the International Myeloma Working Group and staged according to the International Staging System (ISS). 13, 14 All the patients received either bortezomib-or thalidomide-based chemotherapy. The study cohort included 79 males and 52 females with a median age of 62 years (range, 40-85 years).
The following types of PCM existed: IgG, 62 patients; IgA, 24 patients; IgD, nine patients; IgM, one patient; light chain, 30 patients; and non-secretory, five patients. According to the ISS, 9, 72, and 50 patients were in PCM stages I-III, respectively. The median duration of follow-up was 10 months (range, 1-38 months; , and BD Pharmingen (San Diego, CA, USA), respectively. Fresh bone marrow (3 mL) was treated with EDTA to prevent coagulation, and FITC/PE/Percp/APC was used for cell labeling as follows: cyKappa/cyLambda/CD45/CD38; CD19/CD138/ CD45/CD38; CD16/CD56/CD45/CD38; CD13/CD117/CD45/ CD38; CD28/CD27/CD45/CD38; CD5/CD81/CD45/CD38; HLA-DR/CD200/CD45/CD38; and CD20/CD22/CD45/CD38. After incubation in the dark for 15 minutes, the bone marrow cells were hemolyzed by incubation with hemolysin (BD FACS lysing solution) for 10 minutes, and cyKappa/cyLambda was labeled in the cytoplasm. After incubation with antibodies, cells were subjected to flow cytometry. At least 50 000 cells were analyzed, and data were analyzed with CellQuest software (Becton Dickinson). CD38++/CD45 was used for gating, and then the antigen expression was analyzed. Negative expression was defined as a fluorescence intensity <102, low expression was defined as a fluorescence intensity of 10 
| Statistical analysis
CD81 expression, CD117 expression, and clinicopathologic characteristics were analyzed using the chi-square 
| RESULTS
| Patient characteristics and antigen expression
All 131 patients (79 males and 52 females; median age = 62 years, range = 40-85 years) met the study inclusion criteria. The abnormal plasma cells expressed CD138 and CD38++ in all of the patients; however, the expression of other antigens varied significantly. CD200, CD45dim, and CD56 positivity was demonstrated in 68.57%, 62.59%, and 59.54% of the patients, respectively, and CD81 and CD27 positivity was shown in 40.46% and 38.17% of the patients, respectively. Only 35.88% of the patients were positive for CD117, and only 2.29% and 8.40% of the patients were positive for B-cell antigens (CD19 and CD20, respectively). The myeloid antigens CD13 and CD33 were expressed in 1.53% and 8.40% of the patients, respectively. Representative images for the flow cytometric analysis of CD81-and CD117-positive plasma cell myeloma are shown in Figure 1 . Next, the 131 patients were classified as CD117-positive or CD117-negative and CD81-positive or CD81-negative, and their clinical characteristics were further analyzed. The results showed that fewer CD117(+) patients were diagnosed with stage ISS-III PCM and more CD81(+) patients were diagnosed with stage III PCM. In addition, the serum β2 microglobulin levels were lower in the CD117(+) patients (P = 0.000), higher in the CD81(+) patients (P = 0.000), and the serum calcium and creatinine levels were higher in the CD81(+) patients (P = 0.001; P = 0.001), but CD81 positivity was not related to any other clinical characteristics (Table 2 ).
| Frequency of antigen expression and its impact on patient survival
All of the patients received bortezomib-or thalidomide-based chemotherapy, and there were no marked differences in the PFS and OS between the two groups (P > 0.05). The PFS and OS were further analyzed based on antigens with high-positive rates. The results showed that CD200, CD56, and CD27 had no influence on survival. CD117(+) patients had the longest median PFS (16 vs 12 months; P = 0.0355) and longest median OS (31 vs 20 months; P = 0.0016). CD81(+) patients had the shortest median PFS (9 vs 15 months; P = 0.0006) and shortest median OS (18 vs 28 months; P = 0.0018;). Based on CD117 and CD81 expression, patients were classified into the following three groups: good prognosis, CD117(+)CD81(−) group with a median PFS of 19 months and a median OS of 32 months; poor prognosis, CD117(−)CD81(+) group, with a median PFS of 9 months and a median OS of 16 months; and an intermediate prognosis subgroup, CD117(−)CD81(−)/ CD117(+)CD81(+) group, with a median PFS of 12 months and a median OS of 24 months (Figure 2 ).
| Survival analysis
A Cox prognosis risk model was used for analyzing the relationship between common clinical characteristics, and PFS and OS. A univariate analysis showed that the following factors were closely associated with a short PFS (P < 0.05): ISS stage III; beta-2-MG>5.5 mg/L; CD117(−); CD81(+) ( Table 3) . Another univariate analysis indicated that the following factors were closely associated with OS (P < 0.05): ISS stage III; age ≥60 years; beta-2-MG>5.5 mg/L; creatinine>176.8 µmol/L; CD117(−); CD81(+) ( characteristics that were found to significantly affect the survival of PCM patients in the univariate analyses were further evaluated in a multivariate analysis. The results showed that age ≥60 years and CD81 positivity were independent factors that predicted a poor prognosis (shorter OS). CD117 positivity was an independent factor that predicted a good prognosis (longer OS; Table 4 ). ISS stage III and CD81 expression predicted a shorter PFS, while other factors showed no relationship with PFS (Table 3) .
| DISCUSSION
Flow cytometry is a common technique used in the routine diagnosis of PCM. Flow cytometry can accurately differentiate malignant plasma cells from normal plasma cells and also reveal the immunophenotype of PCM cells. Normal plasma cells express CD38bri, CD138, CD27, CD19, and CD81, but do not express CD56 and CD117; however, PCM cells express not only CD38bri and CD138, but also CD56, CD117, CD20, CD13, and CD33. Moreover, PCM cells do not express CD27 and CD81. It was previously reported that CD117 and CD81 positivity rates among patients receiving their initial treatment for PCM were 30% and 45%, respectively. 7, 11, 15 In the present study, 35.88% of 131 patients tested were positive for CD117 expression, which was slightly higher than the previously reported, 7,15 and 40.46% of patients were CD81(+), which was slightly lower than that previously reported. After grouping the patients according to CD117 and CD81 expression, more CD117(−) patients than CD117(+) patients were diagnosed with stage I or II PCM. When compared with the CD81(−) patients, more CD81(+) patients were diagnosed with stage III PCM, and those CD81(+) patients also had higher serum beta-2-microglobulin levels. While a total of 131 cases were enrolled in this study, but only 32 patients were sorted and FISH tested. The test results showed that CD117(−) patients had more IGH rearrangements and 1q21 gain than the CD117(+) patients, while CD81(+) patients had more 1q21 gain than the CD81(−) patients. Moreover, the CD117(−)CD81(+) group had more IGH rearrangements and 1q21 gain than either of the other two groups (Table  5 ). These characteristics appeared to affect the prognosis of PCM patients. While the prognostic value of CD117 in cancer remains controversial, there is evidence showing that CD117 might stimulate the proliferation of PCM cells 15 and interfere with the effective proliferation of normal hematopoietic cells 16 ; however, most studies have reported that CD117 positivity predicts a good prognosis. [5] [6] [7] [8] [9] Our results also revealed that CD117-positive patients had longer PFS and OS than CD117(−) patients. This finding might be attributed to the normal plasma cells present in CD117(+) patients, as normal plasma cells inhibit malignant plasma cells from attacking normal precursor B cells, and thus help create conditions for a good prognosis. 16 There is still controversy regarding the role of CD81 in the prognosis of PCM. CD81 is a transmembrane protein and plays an important role in synapse formation between B cells and T cells.
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17 CD81 can regulate CD19 expression in B lymphocytes and is also involved in cell growth, movement, signal transduction, and the homing of bone marrow cells. 18 There is evidence
showing that CD81 expression inhibits the migration and invasion of PCM cells, which suggests CD81 as an inhibitor of PCM metastasis. 19 The reported that CD19(+)CD81(+) PCM cells are poorly differentiated clonal cells and predictive of a poor prognosis. Our present study results indicated that CD81(+) patients had a shorter PFS and OS, and more 1q21 gain than CD81(−) patients. It has been reported that 1q21 gain is closely associated with a poor prognosis. 22, 23 In 2016, the International Myeloma Working Group defined 1q21 gain as a high-risk genetic factor. 24 The findings that led to that definition may help explain the poor prognosis of the CD81(+) patients. Our univariate analysis of possible risk factors revealed that BM plasma cells ≥5%, ISS stage III, age ≥60 years, beta-2-MG>5.5 mg/L, creatinine>176.8 µmol/L, CD117 negativity, and CD81 positivity could each affect the survival of PCM patients. Furthermore, our multivariate analysis of the abovementioned factors indicated that CD117 and CD81 were independent factors affecting the prognosis of PCM patients. Our results showed that both CD117 and CD81 exert an important influence on the survival of PCM patients. The antigens expressed on plasma cells are diverse, and it is important to analyze the influence of two or more antigens simultaneously when seeking to establish a prognosis for PCM patients. In this study, both CD117 and CD81 were detected simultaneously, and the study patients were divided into the CD117(+)CD81(−), CD117(−) CD81(−)/CD117(+)CD81(+), and CD117(−)CD81(+) groups. Our results further confirmed that patients in the CD117(+) CD81(−) group had the best prognosis, while patients in the CD117(−)CD81(+) group had the least favorable prognosis.
Flow cytometry can not only be used for the rapid diagnosis of PCM, but also provides information for establishing a clinical prognosis. Our results indicate that CD117 positivity predicts a good prognosis for PCM patients, while CD81 positivity predicts a poor prognosis. We believe that these parameters can aid in establishing a prognosis for PCM patients in the clinic.
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